Health-related behaviors [physical activity (PA), nutritional quality of breakfast and sleep]; personal variables (self-esteem, attitudes to PA and gender) and socioeconomic status (SES) (school SES and parental education), were examined in relation to literacy and numeracy scores of 824 grade 3-7 children. Participants completed a questionnaire, and their national literacy and numeracy test scores were retrieved. Mothers (N ¼ 755) completed a telephone interview. Students of highest school SES, maternal education, nutritional quality of breakfast, more sedentary time and female gender had higher literacy scores. SES, maternal education, male gender and total minutes of daily PA were predictors of numeracy with an interaction between greater total PA in boys and greater numeracy. Even though the socioeconomic factors that have predicted children's academic achievement for many decades are still clearly set in place, there are also other modifiable health influences that affect literacy and numeracy and are independent of SES. The current findings provide evidence for health educators and school administrators who may garner support for both breakfast programs and daily school PA for the dual purposes of health promotion as well as for the improvement of literacy and numeracy in settings in which social class may be acting against the educational interests of disadvantaged children.
Introduction
Education is a powerful and significant tool with which to make social change, as the positive associations between educational status and health status are well documented [1] . According to the United Nations 2010 Human Development Report, education, health, nutrition and sanitation complement each other with investments in any one contributing to better outcomes in the others [2] . Therefore, literacy and numeracy are inextricably interwoven with health, and education is also a key predictor of life opportunities, including economic, psychological, health and social spheres [3, 4] . It is therefore important to understand the interrelationships between the socio-demographic factors affecting literacy and numeracy.
Achievement in literacy and numeracy has been shown to be a key determinant of long-term educational outcomes [5] . It has also been suggested that community participation and engagement in lifelong learning and health can also be affected by levels of literacy and numeracy [6] . The less schooling people have, the higher their levels of risky health behaviors such as smoking, being obese, or having a low level of physical activity (PA) [7] . In studies from the United States, Canada and Australia, persons with lower literacy and numeracy levels were also more likely to be unemployed, have less education [6, 8] , have lower engagement with school, lower participation in grade 12, lower tertiary entrance scores and have less successful transitions from school [9] .
The potential factors likely to impact upon literacy and numeracy include gender, socioeconomic status (SES), ethnicity, student attitudes toward school, aspirations, self-concept and parental education or occupation [1] [2] [3] [4] . Over the past decade, there has also been an increasing amount of literature on the relationship between sleep, memory and learning capacity [10] , as lack of sleep may also influence child behavior [11] , optimal functioning [12] decreased cognitive performance and scholastic attitudes among adolescents [10, 13] .
SES has a known positive association with achievement of child literacy and numeracy [14] , and gender gaps in literacy and numeracy scores are more pronounced among low-income children [3, 14, 15] . A recent review outlines the persistent pattern of breakfast skipping and its adverse effect on academic achievement, particularly among minority children [16] . Parental occupation and educational status, factors associated with SES, similarly influence students' literacy and numeracy scores [17] .
Although relatively few studies have examined the relationship between PA and educational performance or achievement, a number of studies have proposed that PA is positively related to brain function and cognitive performance [18] [19] [20] . Nutritional status has also been associated with cognitive function [21] , and the role of a nutritious breakfast has been suggested as positively influencing brain function [22, 23] and academic outcomes [24] .
Therefore, the current research study was designed to concurrently examine the relationships between grade 3-7 children's literacy and numeracy scores and their health behaviors (sleep, nutritional quality and frequency of breakfast, and PA); personal variables (self esteem and attitudes towards PA) and socio-demographic variables, (parental education and school SES). In Australia, all children in grades 3, 5 and 7 sit for the annual national literacy and numeracy tests. The study sought to address which, if any, of the children's health-related variables would significantly impact on children's literacy and numeracy scores in addition to the expected predictors of SES and parental education. Such information about independent predictors of academic achievement would be helpful to school health promotion authorities by informing the development of health education programs for the combined objectives of improving of both child health status and academic outcomes.
Methods

Participants
Participants were a representative sample of 824 students (407 male, 417 female) in grades 3-7 (grade 3, n ¼ 173; grade 4, n ¼ 163; grade 5, n ¼ 182; grade 6, n ¼ 171; grade 7, n ¼ 135) from 10 primary schools and 6 secondary schools in the state of New South Wales, Australia in 2008. The students were distributed across a mix of rural, urban and suburban schools. The participation rate was 82%. The participants' ethnicity was self reported and included categories of Anglo or Caucasian (60.15%), Aboriginal (3.32%), Southern European (29.03%), Asian (2.71%), Middle Eastern (3.33%), Pacific Islander (0.98%), Indian or Sri Lankan (0.36%) and African (0.12%). Participants' school SES were determined using government categories [25] of low (33.9% n ¼ 279), middle (33.0% n ¼ 273) and high (33.1% n ¼ 272), which are based on a government assessment of each school's Socioeconomic Index using a combined index of parental income, occupation, education and geographical location [26] . The school SES correlated very highly with the government school Socioeconomic Index [26] . Individual students' data were obtained for the level of education achieved by their mothers and fathers and these correlated well with school SES (with an alpha coefficient of 0.83 (P < 0.001). Maternal education and paternal education were well-correlated, with an alpha coefficient of 0.77 (P < 0.001), so maternal education for each individual student was included in the analyses. direction of the two authors. The questionnaire measured socio-demographic details (gender, age, school grade and ethnicity) and the amount of sleep in the previous 24 hours. Students were asked to record the time they had fallen asleep on the previous night and the time they woke up on the morning of the study. The number of hours and minutes of sleep were derived from this. This form of retrospective self-report has adequate correlations with objective measures of sleep duration [27] .
The usual hours and minutes of sleep, wake time and total sleep time were also obtained during a telephone interview with the mother. The correlation between the amount of sleep reported by the students and the amount of sleep reported by the students' mothers was r ¼ 0.78 (P < 0.001). Mothers (N ¼ 755) also reported their level of education and level of education of the children's fathers, from the following categories: 1 ¼ less than grade 10; 2 ¼ grade 10 high school; 3 ¼ grade 12 high school; 4 ¼ technical or community trade college certificate; 5 ¼ undergraduate university degree or postgraduate university degree. The mothers reported the number of minutes the child spent in PA on week days ('Can you estimate how many minutes your child spends being physically active, like walking, running, swimming, playing outdoors or playing sports?') or sedentary behaviors ('Can you estimate how many total hours or minutes your child spends sitting, sitting in the car or school bus, sitting doing homework, watching TV, playing on the computer or watching videos or DVDs'?) before school, after school but before dinner and after dinner. The mean (SD) number of minutes of PA reported by the mothers was very similar to the number ascertained by accelerometers in the National Children's Nutrition and Physical Activity Survey conducted in 2007 [28] (current study boys mean (SD) 137 (56.2) min compared with National Study boys 142 min. Current study girls 126 (54.8) min compared with National Study girls 22 min). The self-report method of estimating minutes of child PA from mothers was therefore considered adequate for the purposes of the current study.
The mothers also reported the children's and mothers' general level of sports participation or PA using the following categories: 1 ¼ not active at all on most days; 2 ¼ light activity, plays at school at recess and lunch on most days; 3 ¼ moderately active, plays at school, plays outside after school, walking, plays some active sport or PA on 1-3 days per week; 4 ¼ very active, plays sport, attends training, participates in physical activities almost every day.
Students self-reported their general level of sports or PA using the same categories of 1-4 as above. Students also estimated their amount of sports participation and PA using a Likert scale from 1 to 6 (1 ¼ never, 2 ¼ once a month, 3 ¼ every 2 weeks, 4 ¼ weekly, 5 ¼ 1-3 days per week and 6 ¼ every day). The students' attitudes towards sports and PA were obtained using a 5-point Likert scale (1 ¼ very unimportant to me; 2 ¼ unimportant to me; 3 ¼ neither important nor unimportant to me; 4 ¼ important to me; 5 ¼ very important to me).
Literacy and numeracy data were collected as part of the mandatory government tests of all grade 3-7 schoolchildren using the standardized National Assessment Program for Literacy and Numeracy (NAPLAN) in 2008 [29] . All children in school grades 3-7 are required to sit in the NAPLAN tests.
The nutritional quality of breakfast score [30] was a direct measure of what the students had eaten or drunk before 10 a.m. on the day of the study. Students recorded what they had eaten or drunk on the day of the study and this was debriefed in an individual face-to-face interview with a dietitian. A score of zero was given if the student had had nothing to eat or drink, and a score of 10 was given for a breakfast that contained all of the five major food groups as well as a source of vitamin C, calcium and low fat milk. The methodological details, dietary analyses, correlations with specific nutrients, strengths and limitations and the validation results for the breakfast score have been previously reported in this journal [30] .
Students' self-esteem was assessed using a scale from 0 to 10 [31] , which has been previously validated against the Harter Adolescent Self Perception Scale [32] . In the current study, the scale [31] Nutritional quality of breakfast and physical activity provided sound internal reliability with alpha coefficients of 0.81 for males and 0.80 for females.
Procedure
The study protocol was approved by the University of Sydney Human Ethics Committee. Following the receipt of signed parental consents, and verbal consent from students, the students were asked to complete the questionnaire and mothers were interviewed via 15-min telephone calls. Each child's literacy and numeracy scores were retrieved from school databases after parental and school principal consent were obtained.
Statistical methods
The data were analyzed using SPSS version 17.0 (SPSS Inc., Chicago IL). Relationships of the sample characteristics by gender and the significance of potential correlates of SES were tested using chi-square, Mann-Whitney or independent samples t-tests.
Potential predictors of literacy and numeracy were first tested as univariate predictors using oneway analysis of variance (ANOVA) controlling for age or Pearson's correlation before being entered into a linear regression model for testing as multivariate predictors. Maternal and paternal education were significantly related (P < 0.0001) and both had a similar relationship with literacy and numeracy and therefore only maternal education was tested in the models. Because literacy and numeracy scores were similar in low and middle SES groups, these were combined and compared with the high SES group.
Multiple regression models were built using the forwards sequential method adding variables in separate steps in order of their univariate association with literacy or numeracy score. Confounding variables were controlled for including age, gender, SES and maternal education. The population was multicultural as outlined in the Methods section, but the individual ethnic groups were not represented in large enough numbers to test the effects of each ethnicity. To avoid type I error, only the interactions that were theoretically important were tested. The study sample size was large and we did not consider that any of the non-significant results presented represent type II errors.
Results
Results of maternal education level were as follows: less than grade 10 (2.4%); completed grade 10 (27.1%); completed grade 12 (13.1%); community college or trade college certificate (30.1%); undergraduate degree (21.5%) and postgraduate degree (5.8%). Results of paternal education level were: less than grade 10 (2.9%); completed grade 10 (21.9%); completed grade 12 (12.4%); community college or trade college certificate (37.2%); undergraduate degree (20.0%) and postgraduate degree (5.6%). Maternal education and paternal education were well correlated, with an alpha coefficient of 0.77 (P < 0.01).
The sample characteristics comparing male and female student data are given in Table I . The boys spent significantly more time than girls being physically active after school and significantly more of them rated themselves as very active, reported that PA and playing sport were very important to them and had a higher nutritional quality of breakfast score. The girls spent significantly more time asleep. Table II shows the univariate and multivariate predictors of literacy score. The r 2 value for the multiple regression model was 0.33, that is, 33% of the variation in literacy score is explained by the five predictors. Greater school SES was the most significant predictor of literacy followed by greater mother's education, female gender, higher nutritional quality of breakfast score and more time spent in sedentary behavior before school. The model indicates that the mean difference in literacy test score points between SES categories (low and middle versus high) is 11.4 points, that literacy is 1.5 points higher for every increasing category of maternal education and that girls have a literacy score that is on average 3.1 higher than boys. Literacy score increases with time in sedentary pursuits before school and with the nutritional quality of breakfast score. Nutritional quality of breakfast and physical activity Table III shows the predictors of numeracy score. The r 2 value for the multiple regression model was 0.36, that is 36% of the variation in numeracy score is explained by the predictors. SES was also the most significant predictor of numeracy followed by mother's education and male gender. The model indicates that the mean difference in numeracy between SES categories (low and middle versus high) is 15.1 points and that numeracy increases by 2.3 points for every increasing category of maternal education. Boys had higher numeracy scores than females and total minutes of PA were a predictor of numeracy, particularly among the males. Boys tended to have a numeracy score that was 5.5 points higher than girls on average but also tended to increase their numeracy score by 0.04 for every minute of PA, or by 4.0 points for every 100 min of PA.
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There was an interaction between gender, numeracy and total minutes of daily PA (Fig. 1) , and this interaction was consistent in the low and high SES groups. Because a high-school SES was the strongest predictor of literacy and numeracy scores, the factors associated with school SES were investigated (Table IV) . The time spent participating in PA before school and the time spent sitting before school were significantly higher in the high SES group although wake times were similar (approximately 7 a.m. in both groups). Self-esteem score was significantly higher in the high SES group. The high SES group did not score significantly differently on any other of the variables that were tested in relation to literacy and numeracy.
Discussion
The current study explored the concurrent associations between the literacy and numeracy scores of children and their health behaviors (sleep, Nutritional quality of breakfast and physical activity nutritional quality of breakfast, PA); personal variables (self-esteem, attitudes towards PA) and socioeconomic variables, (parental education, school SES). In particular, the study sought to address which, if any, of the children's health-related variables might significantly and independently impact on their literacy and numeracy scores in addition to the expected predictors of SES and parental education, thereby informing the future development of school-based health education programs for the deliberate improvement of both child health status and academic outcomes.
The findings indicate that the contribution of nutritional quality of breakfast and PA are small but statistically significant compared with the child's SES and parental education, but that these behavioral factors are still important for the promotion of academic achievement in children. The finding that the nutritional quality of breakfast had an independent and positive impact upon child literacy was confirmed in this study and the relatively small impact may be because there were very few children in our study who skipped breakfast, as well as the fact that many nutrition promotion activities have been introduced in Australian schools during the past decade [30] . Hence, the students in our study were probably all rather well nourished and the ability to detect any differences in literacy due to nutrition was difficult. Nevertheless, the current study reports a graded effect with a more nutritious and varied breakfast being associated with greater literacy, irrespective of the child's SES or parental education. The impact of PA was found to be particularly positive for numeracy in boys and this may be as a result of better classroom behavior after the boys participate in early morning PA. These seemingly synergistic combined effects should be examined in future studies of children from various socio-cultural backgrounds.
The overall findings of the current study suggest that, as expected [1-2, 8, 14-17] , students of highest school SES and highest parental education have higher literacy and numeracy scores, but that other important behavioral factors also come into play where a child's academic potential is concerned. The most notable finding from our current results is that even though the socioeconomic factors that have predicted children's academic achievement for many decades are still clearly set in place, there are also other health influences that affect literacy and numeracy and that these factors are certainly both modifiable and independent of social class. The finding that both PA and breakfast quality are concurrently associated with the literacy and numeracy scores of children in grades 3-7 after controlling for SES is, to our knowledge a new finding in the current research literature.
While previous studies have separately reported associations between children's academic outcomes and sports participation and PA [17] [18] [19] [20] [21] and breakfast [16, [21] [22] [23] [24] , no study has reported the 'combined' effect of these important health variables together in the one all-inclusive study. The current findings therefore are unique and important, because they suggest that parents, health educators and school administrators may utilize such behavioral health variables for the improvement of literacy and numeracy in settings in which SES may be acting against the educational interests of disadvantaged children. The study outcomes provide support for the health promotion argument that health factors affect educational factors and vice versa, and that improvement in one is likely to result in improvements in the other, particularly over the long term, but also at a more imminent level. The evidence for previously proposed school-based breakfast promotion programs [16, 30] and regular PA at school for promotion of academic achievement as well as general child health [33] , appear to be soundly reinforced by the outcomes of the current study and the new suggestion that both forms of school-based health promotion are required is also supported.
An interesting and relevant suggestion from the current study is that some health and educationrelated factors in schoolchildren, such as sleep, nutritional quality of breakfast, general PA and attitudes towards sport and PA 'not necessarily' impacted upon by social class are therefore potentially able to be promoted among all children from various social backgrounds.
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The current study sought to specifically investigate and clarify the role of sleep in student academic achievement, as previous research has highlighted the significant relationship between sleep, literacy and numeracy [10] [11] [12] [13] . The lack of a statistical relationship between insufficient sleep and literacy and numeracy obtained in the current findings could be attributed to Australian schoolchildren having a greater amount of sleep than those in other research studies from the United States, or other moderating factors not measured in our study of relatively younger children in grades 3-7, including pubertal development causing 'late' sleep and wake cycles and/or a change in circadian rhythms [34] or decreased parental monitoring of adolescent bedtimes [35] . These factors and their interrelationships with the other variables examined in the current crosssectional study should be the focus of future longitudinal research in order to assess the combined impact of such factors on children's' sleep, academic achievement and associated variables. Longitudinal research using more objective and accurate measures of PA and sleep, such as data collected using accelerometers, would also be helpful in illuminating the role of PA in literacy and numeracy achievement.
Despite the fact that low self-esteem is associated with poor educational outcomes among young adolescents [36] , the results of our current study did not replicate this finding. This result may be explained by the multidimensional nature of self-concept in children and adolescents [32] and the need to therefore measure the separate subscales of self concept, rather than using one global selfesteem assessment.
A major strength of this study is the large, relatively representative sample of schoolchildren, conducted in 16 schools across three large school regions incorporating students from rural, urban and suburban schools, and the objective measurement of academic performance through standardized national assessment tests. Similarly, the use of a broad range of health-related variables that were both self-reported and cross-validated with the mothers' estimates provided the current study with a more holistic assessment of the participants overall health behaviors. Additional strengths include objectively assessed school SES; accurate dietary information that was individually debriefed in a face to face interview with a dietitian; use of a validated breakfast instrument [30] ; sound statistical power and a very high response rate. In future reports, we intend to build on our current findings by examining the trends in a current longitudinal cohort of schoolchildren from 2007 to 2012. Limitations of the study are the cross-sectional study design and the self report nature of PA and sleep data. Hence, future replication of the current study or new investigative studies should incorporate standardized measures to obtain sleep and PA as well as the use of accelerometers or actigraphs to objectively measure these variables.
While this study has shown that the SES of schools and parental education are significantly associated with student achievement in literacy and numeracy, it is also clear that other factors play an independent role, and are likely to be very valuable, in the promotion of children's educational outcomes. The combined effect of several 'education and health promoting factors' in school environments appears to be an exciting and measurable new research question that future study designers could take into account. Further research is essential in order to examine the potential for, and combined influence of, health behaviors, individual factors, socio-cultural factors and other possible variables on literacy and numeracy achievement in children and adolescents.
